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Clinical PerspectiveWhat Is New?The current analysis suggests that HIV is associated with a higher risk of atherosclerotic cardiovascular disease events, including myocardial infarction, stroke, and lower extremity arterial disease, in the contemporary era, despite more extensive use of antiretroviral therapy and increased use of statins.What Are the Clinical Implications?Clinicians should be aware of the higher risk of atherosclerotic cardiovascular disease in people living with HIV and provide guideline‐recommended therapy to lower their risk.

Introduction {#jah34670-sec-0008}
============

HIV infection is a global epidemic, and its prevalence continues to increase.[1](#jah34670-bib-0001){ref-type="ref"} At the end of 2015, \>1 million people had HIV in the United States.[1](#jah34670-bib-0001){ref-type="ref"} Among US adults and adolescents diagnosed with HIV, 63% received some HIV medical care, 49% received continuous HIV care, and 51% achieved viral suppression.[1](#jah34670-bib-0001){ref-type="ref"} The use of antiretroviral therapies (ARTs), in societies where they are widely available, has reduced deaths from opportunistic infections.[2](#jah34670-bib-0002){ref-type="ref"}, [3](#jah34670-bib-0003){ref-type="ref"} This has resulted in an increased proportion of deaths among people with HIV being attributed to atherosclerotic cardiovascular disease (ASCVD).[1](#jah34670-bib-0001){ref-type="ref"}, [4](#jah34670-bib-0004){ref-type="ref"}, [5](#jah34670-bib-0005){ref-type="ref"}, [6](#jah34670-bib-0006){ref-type="ref"}, [7](#jah34670-bib-0007){ref-type="ref"}

Studies conducted in the United States from the 1990s and early 2000s reported that people with HIV infection have a higher risk for ASCVD events, including myocardial infarction (MI) and stroke, than their counterparts without HIV.[8](#jah34670-bib-0008){ref-type="ref"}, [9](#jah34670-bib-0009){ref-type="ref"}, [10](#jah34670-bib-0010){ref-type="ref"}, [11](#jah34670-bib-0011){ref-type="ref"} A retrospective cohort study using data from 1996 to 2011 on HIV‐positive and HIV‐negative members of Kaiser Permanente Southern California and Kaiser Permanente Northern California health plans reported that an excess risk for MI may no longer exist for US adults with HIV.[12](#jah34670-bib-0012){ref-type="ref"} The authors hypothesized that the similar rates of MI in people with and without HIV may have resulted from increased awareness of HIV‐associated cardiovascular risk and use of statins and antihypertensive agents, in addition to decreased use of hyperlipidemia‐inducing protease inhibitors (PIs).[12](#jah34670-bib-0012){ref-type="ref"}, [13](#jah34670-bib-0013){ref-type="ref"} Other studies conducted during this time period suggest that HIV may still be associated with higher ASVD risk outside the United States.[6](#jah34670-bib-0006){ref-type="ref"}

The main aim of the current study was to determine whether the risk for ASCVD, including MI, stroke, and lower extremity artery disease (LEAD) events, is higher among patients with HIV compared with their counterparts without HIV in a contemporary cohort of US adults. We examined these associations overall and within subgroups of patients taking and not taking statins. To accomplish this aim, we conducted a retrospective cohort study using data from the MarketScan database (Truven Health Analytics, IBM Watson Health, Ann Arbor, MI).

Methods {#jah34670-sec-0009}
=======

Study Population {#jah34670-sec-0010}
----------------

The MarketScan database contains administrative and claims data from individuals enrolled in various employer‐sponsored healthcare plans and Medicare supplemental plans. We identified beneficiaries in the MarketScan database who had HIV infection, defined by meeting either of the following criteria between January 1, 2011, and December 31, 2016: (1) ≥1 hospitalization with a discharge diagnosis code for HIV in any position or (2) ≥2 pharmacy claims for ART. Discharge diagnosis codes for HIV included an *International Classification of Diseases, Ninth Revision* (*ICD‐9*), code of 042.x to 044.x or V08 or an *ICD‐10* code of B20.xx to B22.xx, B24.xx, or Z21.xx. Table [S1](#jah34670-sup-0001){ref-type="supplementary-material"} shows the list of ART medication by drug classes used in the current study. We restricted the study population to beneficiaries meeting the definition of HIV who were aged ≥19 years; had continuous health insurance coverage, including pharmacy benefits; and lived in the United States for the 365 days before being identified as having HIV in the MarketScan database. For each beneficiary, the index date was defined as the earliest date for which they had a diagnosis of HIV or at least 2 prescription fills for ART while meeting all of the criteria described above.

Beneficiaries without HIV were frequency matched to those with HIV. Specifically, for each beneficiary in the MarketScan database without HIV, we selected a random date between January 1, 2011, and December 31, 2016, and defined this as their index date. We further restricted the population to beneficiaries aged ≥19 years who had continuous health insurance coverage, including pharmacy benefits, and lived in the United States for the 365 days before their index date. For each beneficiary in the HIV cohort, we randomly selected 4 beneficiaries without HIV from the same age group (ie, 19--44, 45--54, 55--64, and ≥65 years), sex, and calendar year of their index date. The Institutional Review Board at the University of Alabama at Birmingham approved the current analysis and waived the requirement to obtain informed consent. Data used in the current study are available from Truven Health Analytics. Other study information is available from the corresponding author.

Beneficiary Characteristics {#jah34670-sec-0011}
---------------------------

Beneficiary characteristics analyzed included age, sex, calendar year of their index date, and geographic region of residence. We used claims in the 365 days before each beneficiary\'s index date from the MarketScan database to identify the presence of comorbidities, including a history of coronary heart disease, stroke, peripheral artery disease, diabetes mellitus, heart failure, chronic kidney disease, liver disease, and depression. In addition, we used claims to identify receipt of cardiologist care, a hospitalization for any reason, tobacco use, use of antihypertensive medication, statin use and intensity, use of nonstatin lipid‐lowering medication, and polypharmacy. Table [S2](#jah34670-sup-0001){ref-type="supplementary-material"} provides definitions for each of these variables. Use of ART medication was defined by ≥2 prescription fills for a nucleoside reverse transcriptase inhibitor, nonnucleoside reverse transcriptase inhibitor (NNRTI), PI, fusion inhibitor, entry inhibitor, integrase strand transfer inhibitor, or pharmacokinetic enhancer within 365 days before each beneficiary\'s index date, inclusive.

Cardiovascular Events During Follow‐Up {#jah34670-sec-0012}
--------------------------------------

Beneficiaries were followed up from their index date for the composite of ASCVD, including MI, stroke, and LEAD hospitalizations.[14](#jah34670-bib-0014){ref-type="ref"}, [15](#jah34670-bib-0015){ref-type="ref"} In addition, each component of the composite outcome was analyzed separately. Definitions of ASCVD, MI, stroke, and LEAD hospitalizations are shown in Table [S3](#jah34670-sup-0001){ref-type="supplementary-material"}. ASCVD, MI, stroke, and LEAD hospitalizations were assessed through December 31, 2016, the last date for which we had outcome data available. For each outcome, beneficiaries were followed up until the earliest occurrence of their first event, loss of health insurance coverage, or December 31, 2016. Data on mortality are not available in the MarketScan database.

Statistical Analysis {#jah34670-sec-0013}
--------------------

We calculated baseline characteristics, the cumulative incidence of ASCVD using the Kaplan‐Meier method, and the rate of ASCVD among beneficiaries with HIV and matched controls without HIV. Cox regression models were used to calculate hazard ratios for ASCVD comparing beneficiaries with versus without HIV. In addition to an unadjusted model, 2 models with progressive adjustment for covariates were used. Model 1 included adjustment for age, sex, calendar year, geographical region of residence, and history of coronary heart disease, diabetes mellitus, stroke, peripheral artery disease, and heart failure. Model 2 included adjustment for variables in model 1 and chronic kidney disease, liver disease, cardiologist care, a prior hospitalization for any reason, depression, tobacco use, polypharmacy, antihypertensive medication use, statin use and high versus low/moderate intensity, and nonstatin lipid‐lowering medication use. We also calculated the cumulative incidence, event rate, and unadjusted and adjusted hazard ratios for an MI, stroke, and LEAD hospitalization, separately, comparing beneficiaries with versus without HIV.

We used Cox regression models to calculate multivariable‐adjusted hazard ratios for an ASCVD, MI, stroke, and LEAD hospitalization comparing beneficiaries with versus without HIV within subgroups defined by each of the characteristics included in the multivariable‐adjusted model. These models included adjustment for all variables in model 2 described above. To test whether hazard ratios for an ASCVD, MI, stroke, and LEAD hospitalization were different across subgroups defined by beneficiary characteristics, calculations were repeated in the overall population, including interaction terms between HIV infection status and each characteristic (eg, HIV×sex). We used the likelihood ratio test to calculate the *P* value for the interaction between HIV and characteristics with \>2 levels (eg, age or calendar year). All the analyses described above were repeated stratified by statin use. Analyses were conducted in SAS, version 9.4 (SAS Institute Inc, Cary, NC) using a 2‐sided level of significance α\<0.05.

Results {#jah34670-sec-0014}
=======

Baseline Characteristics of Study Population {#jah34670-sec-0015}
--------------------------------------------

There were 82 426 beneficiaries aged ≥19 years with commercial or supplemental Medicare health insurance in the MarketScan database with HIV who met the inclusion criteria for the current analysis (Figure [S1](#jah34670-sup-0001){ref-type="supplementary-material"}). The characteristics of beneficiaries with HIV and matched controls without HIV (n=329 704) are shown in Table [1](#jah34670-tbl-0001){ref-type="table"}. Most beneficiaries with HIV and their matched controls were aged \<55 years and men. There was a \<1% difference in the percentage with diabetes mellitus, history of coronary heart disease, history of stroke, and history of peripheral artery disease between beneficiaries with and without HIV. A history of chronic kidney disease and liver disease, cardiologist care, a prior hospitalization for any reason, depression, tobacco use, polypharmacy, and antihypertensive medication use were more common among beneficiaries with HIV than their counterparts without HIV. Overall, 18.9% and 16.3% of beneficiaries with and without HIV were taking a statin, respectively. Most beneficiaries with HIV (96.0%) had ≥2 fills for ART medication within the 365 days before their index date, inclusive. Among beneficiaries with HIV, 50.2% were taking a nucleoside reverse transcriptase inhibitor, 44.2% were taking an NNRTI, 25.1% were taking a PI, and 21.7% were taking other ART classes.

###### 

Characteristic of Beneficiaries With HIV and Age‐, Sex‐, and Calendar Year--Matched Beneficiaries Without HIV in the MarketScan Database

  Characteristics                                Beneficiaries Without HIV (n=329 704)   Beneficiaries With HIV (n=82 426)
  ---------------------------------------------- --------------------------------------- -----------------------------------
  Calendar year                                                                          
  2011                                           136 516 (41.4)                          34 129 (41.4)
  2012                                           53 244 (16.1)                           13 311 (16.1)
  2013                                           36 516 (11.1)                           9129 (11.1)
  2014                                           36 832 (11.2)                           9208 (11.2)
  2015                                           32 092 (9.7)                            8023 (9.7)
  2016                                           34 504 (10.5)                           8626 (10.5)
  Age, y                                                                                 
  19--44                                         140 600 (42.6)                          35 150 (42.6)
  45--54                                         118 472 (35.9)                          29 618 (35.9)
  55--64                                         60 328 (18.3)                           15 082 (18.3)
   ≥65                                           10 304 (3.1)                            2576 (3.1)
  Male sex                                       276 548 (83.9)                          69 137 (83.9)
  Geographic region of residence                                                         
  Northeast                                      61 519 (18.7)                           15 330 (18.6)
  North central                                  75 444 (22.9)                           11 186 (13.6)
  South                                          126 531 (38.4)                          38 255 (46.4)
  West                                           62 749 (19.0)                           16 557 (20.1)
  Unknown                                        3461 (1.0)                              1098 (1.3)
  Diabetes mellitus                              24 719 (7.5)                            6664 (8.1)
  History of CHD                                 9704 (2.9)                              2815 (3.4)
  History of stroke                              907 (0.3)                               596 (0.7)
  History of peripheral artery disease           579 (0.2)                               309 (0.4)
  History of heart failure                       1004 (0.3)                              700 (0.8)
  Chronic kidney disease                         4629 (1.4)                              3849 (4.7)
  Liver disease                                  1295 (0.4)                              2325 (2.8)
  Cardiologist care                              6627 (2.0)                              2807 (3.4)
  Any hospitalization                            12 981 (3.9)                            10 128 (12.3)
  Depression                                     39 379 (11.9)                           19 669 (23.9)
  Tobacco use                                    9418 (2.9)                              5640 (6.8)
  Polypharmacy                                   32 883 (10.0)                           27 602 (33.5)
  Antihypertensive medication use                77 733 (23.6)                           23 740 (28.8)
  Statin use                                                                             
  Overall                                        53 842 (16.3)                           15 619 (18.9)
  Low‐/moderate‐intensity statin use             44 421 (13.5)                           12 049 (14.6)
  High‐intensity statin use                      9421 (2.8)                              3570 (4.3)
  Nonstatin lipid‐lowering medication use        14 744 (4.5)                            6558 (8.0)
  ART use                                        ···                                     79 095 (96.0)
  NRTIs                                          ···                                     41 372 (50.2)
  NNRTI                                          ···                                     36 465 (44.2)
  Protease inhibitors                            ···                                     20 713 (25.1)
  Other[a](#jah34670-note-0003){ref-type="fn"}   ···                                     17 890 (21.7)

Data are given as number (percentage) of each group. ART indicates antiretroviral therapy; CHD, coronary heart disease; NNRTI, non‐NRTI; NRTI, nucleoside reverse transcriptase inhibitor.

Other ART includes fusion inhibitors, entry inhibitors, integrase strand transfer inhibitors, and pharmacokinetic enhancers.

Incidence of ASCVD Events {#jah34670-sec-0016}
-------------------------

Over a median follow‐up of 1.6 years (maximum, 6.0 years), there were 3287 ASCVD events, 2190 MIs, 891 strokes, and 322 LEAD events. Compared with beneficiaries without HIV, those with HIV had a higher cumulative incidence of ASCVD, MI, stroke, and LEAD hospitalizations (Figure [1](#jah34670-fig-0001){ref-type="fig"}). The risk for each outcome was higher among beneficiaries with versus without HIV in unadjusted and multivariable‐adjusted models (Table [2](#jah34670-tbl-0002){ref-type="table"}). The multivariable‐adjusted hazard ratio for ASCVD comparing beneficiaries with versus without HIV was 1.29 (95% CI, 1.18--1.40). The multivariable‐adjusted hazard ratios (95% CIs) for an MI, stroke, and LEAD hospitalization in beneficiaries with versus without HIV were 1.26 (1.13--1.39), 1.30 (1.11--1.52), and 1.46 (1.11--1.92), respectively.

![Cumulative incidence of atherosclerotic cardiovascular disease, myocardial infarction, stroke, and lower extremity artery disease hospitalizations among beneficiaries with HIV and age‐, sex‐, and calendar year--matched beneficiaries without HIV in the MarketScan database. Atherosclerotic cardiovascular disease includes myocardial infarction, stroke, and lower extremity artery disease hospitalizations.](JAH3-9-e013744-g001){#jah34670-fig-0001}

###### 

Rate and Hazard Ratios for ASCVD, MI, Stroke, and LEAD Hospitalizations Among Beneficiaries With HIV Versus Age‐, Sex‐, and Calendar Year--Matched Beneficiaries Without HIV in the MarketScan Database

  Variables                              Beneficiaries Without HIV (n=329 704)   Beneficiaries With HIV (n=82 426)
  -------------------------------------- --------------------------------------- -----------------------------------
  ASCVD                                                                          
  Events                                 2356                                    931
  Follow‐up in person‐years              675 955                                 168 294
  Rate (95% CI), per 1000 person‐years   3.49 (3.34--3.63)                       5.53 (5.18--5.89)
  Hazard ratio (95% CI)                                                          
  Unadjusted                             1 (Reference)                           1.57 (1.46--1.70)
  Model 1                                1 (Reference)                           1.51 (1.40--1.64)
  Model 2                                1 (Reference)                           1.29 (1.18--1.40)
  MI                                                                             
  Events                                 1586                                    604
  Follow‐up in person‐years              677 211                                 168 780
  Rate (95% CI), per 1000 person‐years   2.34 (2.23--2.46)                       3.58 (3.29--3.86)
  Hazard ratio (95% CI)                                                          
  Unadjusted                             1 (Reference)                           1.53 (1.39--1.68)
  Model 1                                1 (Reference)                           1.47 (1.34--1.62)
  Model 2                                1 (Reference)                           1.26 (1.13--1.39)
  Stroke                                                                         
  Events                                 638                                     253
  Follow‐up in person‐years              678 673                                 169 412
  Rate (95% CI), per 1000 person‐years   0.94 (0.87--1.01)                       1.49 (1.31--1.68)
  Hazard ratio (95% CI)                                                          
  Unadjusted                             1 (Reference)                           1.59 (1.37--1.84)
  Model 1                                1 (Reference)                           1.50 (1.29--1.75)
  Model 2                                1 (Reference)                           1.30 (1.11--1.52)
  LEAD                                                                           
  Events                                 212                                     110
  Follow‐up in person‐years              679 271                                 169 547
  Rate (95% CI), per 1000 person‐years   0.31 (0.27--0.35)                       0.65 (0.53--0.77)
  Hazard ratio (95% CI)                                                          
  Unadjusted                             1 (Reference)                           1.96 (1.52--2.53)
  Model 1                                1 (Reference)                           1.81 (1.40--2.35)
  Model 2                                1 (Reference)                           1.46 (1.11--1.92)

ASCVD includes MI, stroke, and LEAD hospitalizations. The median (maximum) follow‐up for all outcome events was 1.6 (6.0) years. Model 1 adjusts for age, sex, calendar year, geographic region of residence, history of coronary heart disease, diabetes mellitus, stroke, peripheral artery disease, and heart failure. Model 2 adjusts for variables in model 1 plus chronic kidney disease, liver disease, cardiologist care, any hospitalization, depression, tobacco use, polypharmacy, antihypertensive medication use, statin use and statin intensity, and nonstatin lipid‐lowering medication use. ASCVD indicates atherosclerotic cardiovascular disease; LEAD, lower extremity artery disease; MI, myocardial infarction.

Beneficiaries with HIV had a higher risk for an ASCVD, MI, stroke, and LEAD hospitalization versus those without HIV within most subgroups defined by beneficiary characteristics (Figure [2](#jah34670-fig-0002){ref-type="fig"} and Table [S4](#jah34670-sup-0001){ref-type="supplementary-material"}). The hazard ratio for ASCVD was higher among beneficiaries aged 19 to 44 years versus those aged ≥45 years (*P*=0.04). Hazard ratios for ASCVD and stroke hospitalizations associated with HIV infection were statistically significantly higher among beneficiaries with versus without a prior hospitalization for any reason (each *P*‐interaction\<0.05). Hazard ratios for LEAD hospitalization were higher in beneficiaries without diabetes mellitus or liver disease. No other statistically significant differences were present when comparing hazard ratios for an ASCVD, MI, stroke, or LEAD hospitalization among beneficiaries with versus without HIV across subgroups.

![Hazard ratios (HRs) for atherosclerotic cardiovascular disease (ASCVD), myocardial infarction (MI), stroke, and lower extremity artery disease (LEAD) hospitalizations among beneficiaries with vs without HIV across subgroups defined by beneficiary characteristics. Squares represent mean point estimates for HRs, and horizontal bars represent 95% CIs. HRs and 95% CIs are shown in Table S4. HRs include adjustment for age, sex, calendar year, geographic region of residence, history of coronary heart disease (CHD), diabetes mellitus, stroke, peripheral artery disease, heart failure, chronic kidney disease, liver disease, cardiologist care, any hospitalization, depression, tobacco use, polypharmacy, antihypertensive medication use, statin use and statin intensity, and nonstatin lipid‐lowering medication use. \**P*\<0.05 comparing HRs for outcome events associated with HIV infection across subgroups. All other *P* values comparing HRs for outcome events associated with HIV infection across subgroups defined by beneficiary characteristics were ≥0.05. ^†^Data not shown given the small number of events. Specifically, there were 6 LEAD hospitalizations during follow‐up among beneficiaries in 2016.](JAH3-9-e013744-g002){#jah34670-fig-0002}

Analyses Stratified by Statin Use {#jah34670-sec-0017}
---------------------------------

Characteristics of beneficiaries with and without HIV who were taking and not taking a statin, separately, are presented in Table [S5](#jah34670-sup-0001){ref-type="supplementary-material"}. The rates of ASCVD, MI, stroke, and LEAD hospitalizations were higher in beneficiaries with versus without HIV among both those taking and not taking statins (Table [3](#jah34670-tbl-0003){ref-type="table"}). Among beneficiaries taking and not taking statins, HIV was associated with an increased risk for ASCVD and MI after multivariable adjustment. After multivariable adjustment, the hazard ratio for stroke associated with HIV infection was 1.30 (95% CI, 1.07--1.58) among beneficiaries not taking statins and 1.25 (95% CI, 0.95--1.64) among their counterparts taking statins. The multivariable‐adjusted hazard ratio for LEAD hospitalization associated with HIV infection was 1.62 (95% CI, 1.13--2.32) among beneficiaries not taking statins and 1.27 (95% CI, 0.83--1.94) among their counterparts taking statins. There was no evidence of effect modification between statin use and HIV status on any of the outcomes after multivariable adjustment (all *P* values for interaction\>0.10). Hazard ratios for ASCVD, MI, stroke, and LEAD hospitalization associated with HIV infection across subgroups defined by beneficiary characteristics stratified by statin use are shown in Tables [S6](#jah34670-sup-0001){ref-type="supplementary-material"} through [S9](#jah34670-sup-0001){ref-type="supplementary-material"}.

###### 

Risk and Hazard Ratios for ASCVD, MI, Stroke, and LEAD Hospitalizations Among Beneficiaries With HIV Versus Age‐, Sex‐, and Calendar Year--Matched Beneficiaries Without HIV, Stratified by Statin Use in the MarketScan Database

  Variables                              Taking Statin Therapy   Not Taking Statin Therapy   *P* Value[a](#jah34670-note-0006){ref-type="fn"}                       
  -------------------------------------- ----------------------- --------------------------- -------------------------------------------------- ------------------- --------
  ASCVD                                                                                                                                                             
  Events                                 920                     366                         1436                                               565                 ...
  Follow‐up in person‐years              118 585                 35 211                      557 370                                            133 083             ...
  Rate (95% CI), per 1000 person‐years   7.76 (7.26--8.26)       10.39 (9.33--11.46)         2.58 (2.44--2.71)                                  4.25 (3.90--4.60)   ...
  Hazard ratio (95% CI)                                                                                                                                             
  Unadjusted                             1 (Reference)           1.33 (1.18--1.50)           1 (Reference)                                      1.63 (1.48--1.80)   0.01
  Model 1                                1 (Reference)           1.44 (1.27--1.63)           1 (Reference)                                      1.50 (1.36--1.66)   0.50
  Model 2                                1 (Reference)           1.28 (1.12--1.46)           1 (Reference)                                      1.24 (1.12--1.39)   0.90
  MI                                                                                                                                                                
  Events                                 635                     253                         951                                                351                 ...
  Follow‐up in person‐years              119 040                 35 396                      558 171                                            133 384             ...
  Rate (95% CI), per 1000 person‐years   5.33 (4.92--5.75)       7.15 (6.27--8.03)           1.70 (1.60--1.81)                                  2.63 (2.36--2.91)   ...
  Hazard ratio (95% CI)                                                                                                                                             
  Unadjusted                             1 (Reference)           1.34 (1.16--1.55)           1 (Reference)                                      1.54 (1.37--1.74)   0.14
  Model 1                                1 (Reference)           1.44 (1.24--1.67)           1 (Reference)                                      1.42 (1.26--1.62)   \>0.99
  Model 2                                1 (Reference)           1.29 (1.10--1.51)           1 (Reference)                                      1.18 (1.03--1.35)   0.47
  Stroke                                                                                                                                                            
  Events                                 225                     85                          413                                                168                 ...
  Follow‐up in person‐years              119 737                 35 739                      558 936                                            133 672             ...
  Rate (95% CI), per 1000 person‐years   1.88 (1.63--2.12)       2.38 (1.87--2.88)           0.74 (0.67--0.81)                                  1.26 (1.07--1.45)   ...
  Hazard ratio (95% CI)                                                                                                                                             
  Unadjusted                             1 (Reference)           1.27 (0.99--1.63)           1 (Reference)                                      1.70 (1.42--2.03)   0.06
  Model 1                                1 (Reference)           1.40 (1.08--1.81)           1 (Reference)                                      1.55 (1.28--1.86)   0.38
  Model 2                                1 (Reference)           1.25 (0.95--1.64)           1 (Reference)                                      1.30 (1.07--1.58)   0.61
  LEAD                                                                                                                                                              
  Events                                 102                     45                          110                                                65                  ...
  Follow‐up in person‐years              119 898                 35 749                      559 373                                            133 798             ...
  Rate (95% CI), per 1000 person‐years   0.85 (0.69--1.02)       1.26 (0.89--1.63)           0.20 (0.16--0.23)                                  0.49 (0.37--0.60)   ...
  Hazard ratio (95% CI)                                                                                                                                             
  Unadjusted                             1 (Reference)           1.36 (0.92--2.03)           1 (Reference)                                      2.35 (1.68--3.29)   0.04
  Model 1                                1 (Reference)           1.52 (1.01--2.27)           1 (Reference)                                      2.00 (1.42--2.80)   0.27
  Model 2                                1 (Reference)           1.27 (0.83--1.94)           1 (Reference)                                      1.62 (1.13--2.32)   0.33

ASCVD includes MI, stroke, and LEAD hospitalizations. Model 1 adjusts for age, sex, calendar year, geographic region of residence, history of coronary heart disease, diabetes mellitus, stroke, peripheral artery disease, and heart failure. Model 2 adjusts for variables in model 1 plus chronic kidney disease, liver disease, cardiologist care, any hospitalization, depression, tobacco use, polypharmacy, antihypertensive medication use, and nonstatin lipid‐lowering medication use. ASCVD indicates atherosclerotic cardiovascular disease; LEAD, lower extremity artery disease; MI, myocardial infarction.

Comparing hazard ratios associated with HIV infection among beneficiaries taking vs not taking statin therapy.

Discussion {#jah34670-sec-0018}
==========

In the current analysis of US adults with commercial or Medicare health insurance, those with HIV had a higher risk for ASCVD events versus their counterparts without HIV. The risks for MI, stroke, and LEAD hospitalizations were each higher in beneficiaries with versus without HIV. The higher risk for ASCVD events associated with HIV was present within most subgroups and did not differ between people taking and not taking a statin. Results from the current analysis suggest that US adults with HIV continue to have a higher risk for ASCVD events versus those without HIV in the contemporary era, despite more extensive use of ART and increased use of statin therapy.

A meta‐analysis of observational studies conducted between 1990 and 2015 found that the risk ratio associated with HIV infection was 1.79 (95% CI, 1.54--2.08) for MI and 2.56 (95% CI, 1.43--4.81) for stroke.[6](#jah34670-bib-0006){ref-type="ref"} This meta‐analysis included 4 studies from the United States that were all conducted before 2006. Data from a cohort study evaluating MI risk from 1996 to 2011 in Kaiser Permanente Southern California and Kaiser Permanente Northern California health plan members with and without HIV found that the multivariable‐adjusted relative risk for MI associated with HIV infection declined over time, from 1.8 (95% CI, 1.3--2.6) in 1996 to 1999 to 1.0 (95% CI, 0.7--1.4) in 2010 to 2011.[12](#jah34670-bib-0012){ref-type="ref"} Both Kaiser Permanente Southern California and Kaiser Permanente Northern California use a system‐wide, integrated risk reduction strategy that may result in higher use of preventive interventions, lower viral loads, and higher CD4 levels versus patients receiving care elsewhere in the United States.[12](#jah34670-bib-0012){ref-type="ref"}, [13](#jah34670-bib-0013){ref-type="ref"} Therefore, these results may not be generalizable to all US adults with HIV. Results from the current analysis of a contemporary cohort of US adults with various employer‐sponsored healthcare plans or Medicare supplemental health care suggest that US adults with HIV continue to have a higher risk for ASCVD, including MI, stroke, and LEAD hospitalizations. These results are consistent with a prior publication of the VACS (Veterans Aging Cohort Study) conducted from 2003 to 2014, showing that people with HIV have a higher risk for LEAD events compared with their counterparts without HIV.[16](#jah34670-bib-0016){ref-type="ref"}

The current results highlight the need for implementing interventions aimed to reducing the excess risk for ASCVD among individuals with HIV in the contemporary era. According to the 2018 American Heart Association and American College of Cardiology guideline on the management of blood cholesterol, HIV should be considered as a risk‐enhancing factor for ASCVD when starting a clinician‐patient discussion on statin therapy initiation.[17](#jah34670-bib-0017){ref-type="ref"} The importance of ASCVD prevention and treatment in people with HIV was further stressed in the 2019 American Heart Association Scientific Statement "Characteristics, Prevention, and Management of Cardiovascular Disease in People Living With HIV."[7](#jah34670-bib-0007){ref-type="ref"} In the current analysis, adults with HIV had a higher prevalence of chronic kidney disease, tobacco use, and use of antihypertensive medication in addition to a higher risk for ASCVD events versus their counterparts without HIV. Despite their higher prevalence of cardiovascular risk factors and higher risk for ASCVD events, the proportion of adults with HIV who were taking a statin was similar to those without HIV. Although we were not able to assess all indications for statin use (eg, low‐density lipoprotein cholesterol \[LDL‐C\] ≥190 mg/dL), only 16.3% of beneficiaries with HIV were taking a statin, suggesting that statin therapy may be underused in this high‐risk population. A higher prevalence of comorbidities, including nonalcoholic fatty liver disease/lipodystrophy, viral hepatitis, chronic kidney disease, and polypharmacy, and concerns of drug interactions with certain classes of ART (eg, PIs and cobicistat) may contribute to an underuse of statin therapy in beneficiaries with HIV.[18](#jah34670-bib-0018){ref-type="ref"}

Several factors may contribute to the higher risk for ASCVD events among beneficiaries with versus without HIV. The LDL‐C reduction after the initiation of a statin may be smaller among patients with HIV.[19](#jah34670-bib-0019){ref-type="ref"} NNRTIs reduce blood‐statin levels and diminish the LDL‐C response to statins.[20](#jah34670-bib-0020){ref-type="ref"} As a result, high‐risk HIV patients taking a statin who are treated with NNRTIs may have higher LDL‐C levels than their counterparts without HIV. In the current analysis, 44.2% of beneficiaries with HIV were taking an NNRTI. It is possible that a small LDL‐C reduction with statins among people with HIV may have contributed to the higher risk for ASCVD events associated with HIV infection in the current study. Other mechanisms that may contribute to the higher risk for ASCVD events associated with HIV infection include higher concentrations of atherogenic remnant lipoproteins,[21](#jah34670-bib-0021){ref-type="ref"} impaired macrophage cholesterol efflux,[22](#jah34670-bib-0022){ref-type="ref"}, [23](#jah34670-bib-0023){ref-type="ref"} and a higher prevalence of nonlipid risk factors, such as smoking,[24](#jah34670-bib-0024){ref-type="ref"} visceral adiposity,[25](#jah34670-bib-0025){ref-type="ref"}, [26](#jah34670-bib-0026){ref-type="ref"} insulin resistance,[26](#jah34670-bib-0026){ref-type="ref"}, [27](#jah34670-bib-0027){ref-type="ref"} chronic kidney disease,[27](#jah34670-bib-0028){ref-type="ref"} chronic inflammation and immune activation,[28](#jah34670-bib-0029){ref-type="ref"}, [29](#jah34670-bib-0030){ref-type="ref"} and coagulation disorders.[28](#jah34670-bib-0029){ref-type="ref"}, [30](#jah34670-bib-0031){ref-type="ref"} In 3 large international HIV treatment trials, higher biomarkers of inflammation (interleukin‐6 and high sensitivity CRP \[C‐reactive protein\]) and coagulation (D‐dimer) were associated with a greater risk of a fatal ASCVD event and all‐cause mortality.[30](#jah34670-bib-0031){ref-type="ref"}

Some ARTs can increase the risk for ASCVD events. Prior studies have reported that the PIs indinavir and ritonavir‐boosted lopinavir increase the risk for cardiovascular events.[9](#jah34670-bib-0009){ref-type="ref"}, [31](#jah34670-bib-0032){ref-type="ref"} Currently, the most commonly used ritonavir‐boosted PIs are darunavir and atazanavir.[4](#jah34670-bib-0004){ref-type="ref"}, [32](#jah34670-bib-0033){ref-type="ref"} In the prospective D:A:D (Data Collection on Adverse Events of Anti‐HIV Drugs) study, the use of ritonavir‐boosted darunavir but not ritonavir‐boosted atazanavir was associated with a higher risk of cardiovascular events.[9](#jah34670-bib-0009){ref-type="ref"}, [31](#jah34670-bib-0032){ref-type="ref"} We have previously shown that the use of PI‐based ART regimens declined from 50.8% in 2007 to 25.5% in 2015 among beneficiaries with HIV in the MarketScan database.[18](#jah34670-bib-0018){ref-type="ref"} It is not known whether the reduction in PI‐based ART among people with HIV will be accompanied by subsequent declines in ASCVD events.

Currently, there are no data from large clinical trials to guide interventions for the prevention of ASCVD in people with HIV. Despite the lack of data, statin therapy may have antiatherothrombotic properties in HIV‐infected people, beyond LDL‐C lowering, because of direct effects on reducing atherogenic lipoproteins and indirect effects on mitigating proinflammatory responses.[29](#jah34670-bib-0030){ref-type="ref"}, [33](#jah34670-bib-0034){ref-type="ref"} The contribution of statin therapy to reduce ASCVD events in people with HIV is being examined in the REPRIEVE (Randomized Trial to Prevent Vascular Events in HIV).[34](#jah34670-bib-0035){ref-type="ref"} Specifically, REPRIEVE is testing whether pitavastatin reduces ASCVD risk among low‐ to moderate‐risk patients with HIV who have LDL‐C \<130 mg/dL. Pitavastatin has no major drug interactions with ART regimens and is considered a safer agent in HIV‐infected patients. Results from REPRIEVE may expand current indications for statin therapy among people with HIV.

The current analysis has several strengths, including using contemporary data from a large, nationwide cohort of US adults. Patients were followed for up to 6 years. Beneficiaries with HIV were matched by age, sex, and calendar year to controls without HIV selected from the same data source. The current analysis also has potential limitations. We analyzed data from beneficiaries with and without HIV who had commercial health insurance or Medicare supplemental health insurance. Therefore, results from the current study may not be generalizable to adults with HIV without health insurance. We used claims‐based algorithms to identify cardiovascular risk factors that may result in some misclassification. The algorithm used to define tobacco use has high specificity, but low sensitivity.[35](#jah34670-bib-0036){ref-type="ref"} Therefore, tobacco use was likely underestimated in the current study. Frazier and colleagues estimated that the prevalence of smoking in 2014 was 33.6% among adults with HIV in the Medical Monitoring Project, a surveillance system of US adults with HIV, and 16.8% among US adults from the general population using data from the National Health Interview Survey.[36](#jah34670-bib-0037){ref-type="ref"} Data on race and ethnicity, diet, exercise, illicit drug use, and mortality are not available in MarketScan. Data on LDL‐C and other lipids and estimated glomerular filtration rate are not available for most beneficiaries in the MarketScan database and, therefore, were not analyzed. In addition, we did not have access to HIV viral load, CD4 count, and inflammatory markers to explore the potential contribution of immunodeficiency and residual inflammatory risk, which may play a role in the risk for ASCVD events among individuals with HIV. We defined statin use with pharmacy fills in the 365 days before each beneficiary\'s index date. Some beneficiaries may have stopped or started taking a statin after their index date, which may result in misclassification.

Conclusions {#jah34670-sec-0019}
===========

In the current analysis of contemporary data, US adults with health insurance and HIV had a higher risk for ASCVD compared with their counterparts without HIV. Beneficiaries with HIV also had a higher risk for MI, stroke, and LEAD hospitalizations versus their counterparts without HIV when each of these outcomes was analyzed separately. The higher risk of ASCVD among US adults with versus without HIV was present for those taking and not taking a statin. Clinicians should assess ASCVD risk for their patients with HIV and provide guideline‐recommended treatment to lower this risk.
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